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Abstract
Trees were sampled in three stands representing low-growth, medium-growth,
and high-growth site classes. Two-centimetre-thick discs were cut, and 2-cm-
broad radial strips were cutfrom each disc in the N-S and E-W directions. These
strips were cut into samples I em wide, numbered from pith to bark. The
resulting samples were dried and their density measured. Significantly lesser
wood densities were found in the upper parts of the trees and there was a
consistent radial density pattern, high at the pith, decresing rapidly to a
minimum, and then rising to a constant value which was maintained outwards to
the bark. In general the wood front the outer and lower parts of the trees should
he strong enough Jill' light to medium construction work. The overall mean
density in low growth site lVas higher compared with other sites, indicating that
there is an ssociation be/ween growth rate and wood relative density.
Introduction
The forest cover of Sri Lanka has been diminishing over the last 100 years. The present
annual requirement for timber is 17 million m3, and the demand for timber and fuelwood is
increasing at 4°/" aIUlually(FSMP, 1995). Future supplies from the natural forests will be
inadequate to meet the demand, partly because the remaining natural forests have to be
managed for conservation purposes. To help overcome the timber shortage. 23,000 ha of pine
plantations were established by the Forest Department in the thirty years from 1953 to 1983.
as well as other forest plantations, mainly also of exotic species.
Pinus caribaea has a shorter rotation (25 years) than most of Ole indigenous timber species.
Although it has a less durable timber. suggestions have been made to utilize it for joinery
purposes (FSMP. 1995). Research on the physical and chemical properties of pine grown in
Sri Lanka has been very limited. Pine wood is known to vary in quality from the pith towards
the bark. Wood relative density (in earlier literature often referred to as "specific gravity") is a
useful general indicator of comparative wood quality, and Ole investigation of its variation is
particularly useful in considering the most effective utilization of present and future
plantations. It has been shown by several workers that some wood characteristics are related
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to the growth rate of the trees and others to inherent characters (Amarasekera, 1991). In this
study wood density was investigated in trees from three different site classes, which represent
three different growth rates.
Objectives of research
• To investigate wood density in relation to site class.
• To investigate wood density variation within trees.
Literature review
The following is an attempt to briefly review the relevant literature.
Site factors
Site productivity depends mainly on the availability of light and water, temperature, and
fertility (Kozlowski, 1971). The proportion of late wood, and the nature of the early woodllate
wood boundary seem to be at least partly controlled by the water supply. Harris (1955)
showed that the change from early wood to late wood in Pinus sylvestris could be caused by a
water shortage at the relevant time.
Wood density
Wood density is a measure of the amount of cell-wall substance in wood in relation to empty
spaces. It has for long been regarded as a useful criterion of wood quality. It can be related to
other properties such as physical and working and finishing properties, and can be given an
important role in determining the suitability of a timber species for a particular use
(Scaramuzzi,1965). It can be measured by Archimedes' principle: when a body is immersed
in a fluid the upthrust on tile body is equal to tile weight of fluid displaced. If tile fluid is
water, its density (in g/cnr') can be aproximated to 1, so the weight of the wood in relation to
tile weight of fluid displaced is a measure either of its density in these units, or as its "relative
density", i.e. relative to that of water, without units.
Wood density variation with height in tree
Brown (1969), .and4lughes (1970) report that in Pinus caribaea wood density decreases with
increasing height in the tree. Indeed, Goggans (1961), Nicholls (1986), and Houkal et al.
(1988) state that wood density decreases from bottom to top of the tree in most conifers.
Wood density variation from pith to bark
Wood density varies radially in the tree, with age and distance from tile pith. In temperate
countries especially, it decreases within the first fifteen rings to a minimum, and then
increases with increasing distance from the pith (Brazier, 1967; Elliott, 1960) Andrews &
Plumptre (1973), working with Pinus caribaea from various sites in East Africa, reported
that wood density falls slightiy at first and rises again, from 0.45 g/cnr' in ring 2 to 0.59
in after which tile value fluctuates. Observations Richardson and
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Mandaltsi (1971) on Pinus nigra revealed patterns of wood density variation in which it is
high in the first few rings, then decreases to a minimum, after which it increases, at first
rapidly and then more slowly towards the bark.
It may be noted that the radial trend of wood density in ring-porous hardwoods is typically a
decrease from the pith outward (paul, 1963), and that there appears to be no typical wood
density trend in difJuse-porous hardwoods.
The influence of growth rate on wood density
The wood density of the core wood may be strongly influenced by the environment in which
the trees are grown. Nevertheless, many workers have found little if any relation between
growth rate and wood density (Larson, 1957; Fielding, 1960). Slow rates of growth,
particularly in ring-porous hardwoods, are generally associated with reduced wood density.
Paul (1963) quotes examples of relatively greater wood density associated with narrow rings
at the centre of certain hardwoods. Fast growth may also be associated with reduced wood
density in other hardwoods. For example, such an effect was found in young trees of
Eucalyptus camaldulensis (Susmell, 1952).
Growth rings
The total number of cells formed during one growing season and the extent to which they
expand will determine the width of that season's growth of wood, referred to as a growth ring
(or tree ring). Distinctive "early wood" is believed to be formed during the period of rapid
shoot growth and needle formation, when the concentration of auxin in the cambial zone is
adequate for the enlargement and differentiation of tracheids in the xylem mother-cell zone
(Larson,1964 ).
Ring width
Ring-width variation from pith to bark has been observed in Pinus resinosa (Duff & Nolan,
1953), Pinus nigra (Richardson, 1961; Mandaltsi, 1971), Picea sitchensis (Dinwoodie, 1963),
and Pinus radiata (Nicholls, 1986), among many other softwoods. They found that ring
width increases rapidly over the first few rings from the pith, and then decreases towards the
bark. until it reaches a constant value. The greatest ring width occurs at (Farrar, 1961) or
above (Denne, 1979) the internode with maximum leaf weight.
Wood shrinkage
Wood shrinkage is a change in any or all of the three dimensions and therefore in volume,
resulting from the loss of moisture below the fibre saturation point. Yao (1969) observed that
tangential shrinkage decreased with increasing height in the tree, while longitudinal
shrinkage increased. In the radial direction, shrinkage decreased from pith to bark. These
trends are in line with the patterns of variation in wood density, confirming that shrinkage
and density are related. In general. shrinkage seems to be related to factors such as rate of
growth, in the tree. and the of reaction wood, as well as to wood
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Materials and methods
Study area
Study sites for Pinus caribaea were selected from the Nuwara Eliya Forest Range in Nuwara
Eliya District, and the Degana Forest Range in Kandy District.
Selection of site classes
Three site classes were defined from a comparison of data on age, dbh, height, and stocking
density in all the Pinus caribaea plantations in Sri Lanka, obtained at the Sri Lanka Forestry
Institute in Nuwara Eliya from the FORDATA computerized database. High and medium-
growth site classes of Pinus caribaea, according to the authors' classification, were selected in
the Ramboda Beat in Nuwara Eliya District, and a plantation representing a low-growth site
class was chosen in the Digana Range in Kandy District. All three of the selected stands were
planted in 1980.
There were remarkable variations in growth rates: the mean values for the low, medium, and
high- growth sites respectively were dbh 17,25, and 35 em, and height 13, 21, and 24 m. A
field check was carried out on the relevant parameters in order to verify the computer
information, In addition, the FORDAT A information on planting dates was checked with the
villagers who had participated in the planting.
Selection of sample trees and discs
Five trees were felled from each of the three sites. Cross sectional discs, 2 em thick, were
taken at breast height and at 20, 40, 60, and 80% of the total length of the trees. The four
sides of each disc were marked as north, south, east and west.
Measurement of wood density
Linear sections, 2 em wide, were cut across the diameter of every sample disc, from north to
south and east to west, avoiding compression wood or distorted grain around the knots.
Sample pieces 2 x 2 x I em were cut from these linear sections, labelled according to
compass direction and distance from pith,
Oven dry weight at 105°C was measured for each sample. The weight of water displaced by
the green sample was measured by Archimedes' method. The upthrust on immersion was
determined as follows. A beaker containing distilled water was placed on an electronic
balance (reading to 0.00 I g) and the reading was noted. Each sample was inunersed to a
constant depth by means of a thin stick attached to the stand, and the new reading was taken.
The difference in readings gave the weight of water displaced. In all, 2020 samples were
measured.
The required data were then calculated from the fonuula:
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Results
Variation from pith to bark
At breast height, wood density increased steadily from pith to bark in the low-growth site. In
the medium and high-growth sites it decreased over the first 2-3 cm from the pith, to a
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Figure 1- Wood relative density variation from pith to breast at height
Table 1: Wood relative density in three site classes from pith to bark at breast
height
Distance from
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At the 20 % height density increased significantly from tile pith toward tile bark in tile low-
growth site. In tile medium growth site it decreased slightly over tile first 1-2 ern from pith,
and then increased slightly towards tile bark. In the high-growth site it decreased to a
minimum within 3-5 cm from the pith, increased slowly up to 8 em from the pith, and then
maintained a fairly constant value up to the bark (fable 2) .
Table 2: Wood relative densitv in three site classes from Ilith to bark at 20% height
Distance from pith High-growth Medium-growth Low-growth
to bark (em) site site site
I 0.40 0.42& 0.326
2 0.412 0362 0.367
3 t1.343 0.344 0.440
4 0.33 0.334 0.463











At the 40 % height, density increased rapidly toward tile bark in tile low-growth site. In the
medium-growth site. it displayed a pattern similar to that of tile 20% height. In tile high-
growth site it fluctuated throughout tile radial section (Table 3).












































At the 60% height, density increased steadily toward tile bark in tile low-growth site. In the
medium-growth site it maintained a fairly constant value from pith to bark. In tile high-
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growth site, it decreased to a minimum value within the first 2-4 em from the pith, and then
increased slightly towards the bark (Table 4).
Table 4: Wood relative density in three site classes from pith to bark at 60% height
Distance from pith High-growth Medium-growth Low-growth
to bark (cm) site site site
1 0.423 0.339 0.35
2 OJ62 0343 0386







At the 80% height, density increased slightly towards the bark in all tile three sites. High,
medium and low values were observed in all tile cross sections, in the low-growth site, high-
growth site, and medium-growth sites respectively (Table 5).
Tahle 5: Wood relative density in three site classes from ,lith to hark at 80% height
Distance from Ilith High-growth Medium-growth Low-growth
to hark (em) site site site
1 0.324 0.3 O.39X





Variation from bottom to tOil
The mean wood density of the dises decreased at increasing heights in the trees, except at the
80% height in the low-growth site and the 40% height of the high-growth site.
The mean wood relative density over all three sites at the different height levels was follows:
breast height, OAI: 20'% height, 0.38; 40% height, 0.39; 60% height, 0.36; 80% height, 0.34.
These differences were significant at tile O.OSlevel.
The mC<111whole-stem weighted relative densities in the low, medium and high-growth sites
arc shown in Table 6. The differences between the sites are significant at tile 0.05 level.
Differences between medium and high growth sites arc not significant (p~0.05), but low
growth site has significantly higher relative density compared with other sites.
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the same letters do not significantly different at p :50.05 level according toValues with
Turk) test
Conclusions
The patten! of radial variation of wood density was broadly similar at all height levels on all
sites: high near the pith. falling to a minimum within 3-5 cm. then increasing steadily and
rapidly towards the bark. The outer wood of the bottom part of the trees on all the sites is
suitable for light to medium construction, This study indicates that there is an association
between growth rate and the wood density Wood relative density of low growth site was
higher compared to other sites.
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